The high-aff inity galactose permease, which comprises the periplasmic galactose receptor MglB, the membrane translocator MglC and the mombraneassociated ATPase MglA, displayed a reduced activity in a dnaK temperaturesensitive mutant of Escherichia coli. This reduced transport activity correlated with a reduction in the quantity of MglB. A t 42 "C, an accumulation of pre-MglB in the dnaK temperature-sensitive mutant reflected a defect in MglB export. In addition, an accumulation of pre-MglB in secB, secA and seeY mutants suggested that SecB and the Sec translocase are also involved in export of the periplasmic galactose receptor. A t 30 "C, there was no accumulation of preMglB in the dnaK mutant, but there was stilt a decreased amount of MglB in the periplasm. The reduction in MglB expression was not the result of a decrease in its stability, nor was it the result of a general defect in translation or transcription, since the MglA protein (which i s expressed from the same operon as MglB) was synthesized in normal amounts. Two mRNAs are implicated in the expression of the mgl genes, a polycistronic rnglBAC mRNA, and a more stable and more abundant mglB mRNA, produced by 3'-5' degradation of the mglBAC mRNA (R. W. Hogg, C. Voelker & I. von Carlowitz, 1991, Mol Gen Genet 229,453459). The mglB mRNA is protected against exonucleases by a REP (Repetitive Extragenic Palindrome) sequence located a t its 3' extremity, which is responsible for the higher expression of MglB compared to MglA and MglC. The decreased MglB expression in the dnaK mutant a t 30 T in the present work correlated with a reduced stability of the mglB mRNA, which may have resulted from a defective stabilization by the REP sequence, or from a defect in translation of the mglB gene.
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Decreased galactose transport and decreased amount of the periplasmic galactose receptor in dnaK mutants
The dnuK756 thermosensitive mutant is defective in galactose transport. When transport was measured after growth at the permissive temperature (30 "C), the transport activity was sevenfold lower in the mutant than in the parental strain (Fig. 1 a) . When transport was measured after growth at 30 O C , followed by a shift to 42 O C for 2 h, the transport activity was tenfold lower in the mutant (Fig. 1 a) . The defect in galactose transport correlated with a reduction in the amount of periplasmic galactose receptor in the duaK mutant. The amounts of MglB in the periplasm of the dnaK756 mutant and of the parental strain CGOO were measured by immunoblotting the periplasmic MglB synthesis and export in E. coli dnaK mutants Periplasmic fractions from strains C600 and ~h a K 7 5 6~ grown a t 30°C. were prepared as described in Methods. The fractions were subjected to ekctrophoresis on a polyacrylamide gel and immunoblotted with anti-MglB antibodies. Column 1 and 2 contain, respectively, 7 and 20pg of the shock fluid from the parental strain C600. Columns 3 and 4 contain, respectively, 7 and 20 pg of the shock fluid from the dnaK756 mutant.
fractions from both strains with anti-MglB antibodies. The amounts of MglB were fivefold l o~e r in the ~B Q K mutant than in the parental strain at 30 "C ( Fig. lb) and sixfold lower a t 42 "C (not shown). The correlation between reduced transport activity and a reduction in the amount of galactose receptor is consistent w i t h the previous demonstration that when the periplasmic receptor of a biflding-protein-dependent transport system is reduced to less than 20% of i t s wiId-type leveI [while the other transport components remain at the wild-type level (see below)], it becomes limiting for transport (Manson e t a/., 1985) . Similar reductions in galactose transport and in galactose receptor expression were found in the null d%wK mutant GW 4813 (AdmK5.2: : Cmr) (Paek & Walker, 1987) (not shown), suggesting that these defects are common to several dnaK mutants.
Defect in MglB export in the dnaK temperaturesensitive mutant at 42 'C The efficient export of the galactose receptor to the periplasm of E . mh' has been recently shou7n to be dependent on the presence of the SecB chaperone (Powers & Randall, 1995) . However, the following results suggest The galactose receptor wa5 prepared from each sample by immunoprecipitation. (b) Kinetics of MglB export. Experiments were carried out a5 described in the legend to Fig. 2{a) . Samples were pulse-labelled for 15 5 and chased for the indicated times.
The data are the average from two experiments. 0, ., Strain C600 a t 30 "(I (0) or 42 "C (m); 0, a, dnaK756 mutant a t 30 "C (0) or 42°C (a). Since the radiolabel was methionine and three of the nine methimine residues are in the leader sequence, a factor of 1-5 was used to convert the radioactivity recovered in the mature form to the amount of precursor polypeptide from which it was derived.
that dnaK mutations also affect the export of MglB. At 42 'C, under conditions in which the parental strain contains only marure galactose receptor (pulse-labelling for 15 sec, chase fur 1 min), the dmzK temperaturesensitive mutant contains a significant amount of the galactose receptor as the precursor form (Fig. 2a) . This secretion defect is not observed at 30 O C , at which temperature the MglB precursor does not accumulate either in the mutant o r in the parental strain (Fig. Za) [it should be noted that at both 30 *C and 42 'C, the amount of MglB synthesized is reduced in the d m K mutant (see below)]. The half-time for complete export of MglH to the periplasm at 42 "C was approxiniately 1 rnin in the d m K mutant, compared to less than 10 sec for the parental strain CGOO (Fig. Zb) , while at 311 "C, the kinetics of MglR export were similar in the mutant and in the parental strain. Thus, dnrzK756 appears to be defective in its secretion of the galactose receptor at the restrictive 
Involvement of the Sec translocase in MglB export
The results shown in Fig. 3 strain, entirely in the mature form, Fig. 2a , compare lane 3 with lane 4). This decreased expression is selective for MglB : the MglA protein (the cytoplasmic galactosedependent transport ATPase, which is expressed from the same operon, mglB,4C) is found in similar amounts in the dnaK mutant and in the parental strain, as shown in Fig. 4 where crude extracts from both strains are shown immunobiotted with anti-MglA antibodies. We checked, by pulse-labelling of MglA, immunoprecipitation and electrophoresis, that the synthesis of this protein was unaffected in the dnaK mutant (not shown). The expression of @-galactosidase was also not affected in the dnaK mutant (data not shown).
Unaltered stability of MglB in the dnaK756 mutant
The different levels of MglB expression in the dmK7-56 mutant and in the parental strain might be due, in part, to different turnover rates. We measured the half-lives of MglB by labelling exponentially growing cells at 30 "C with [35S]methionine for 2 min, followed by a chase with cold methionine. Samples were withdrawn a t various times after the initial labelling, MglB was immunoprccipitated and submitted to electrophoresis. The Mg1B protein was verj7 stable both in the dnctK mutant and in the wild-type strain (Fig. 5) , suggesting that the dnaK Fig. 6 . Decreased stability of the mglB mRNA in the dnaK mutant. Northern blot of mRNA prepared from strain C600 and the dnaK756 mutant. Rifampicin was added to growing cells.
RNA was extracted at various times after rifampicin addition and analysed by Northern blotting as described in Methods. Thirty micrograms of RNA from the dnaK756 mutant and 15 pg of RNA from the parental strain C600 were loaded into each well. Hybridization was to a labelled probe complementary to residues 398-419 of the mglB mRNA. Hybridization revealed the 1400 nucleotide mglB mRNA. No hybridization was seen when RNA was isolated from cells uninduced for the mgl operon (grown in the absence of fucose and in the presence of glucose).
mutation has no significant effect on the stability of the galactose receptor. Similar results concerning the stability of hlglB were obtained when labelling was done after a shift to 42 *C for 2 h (not shown).
Decreased stability of the mglB mRNA in the dnaK756 mutant
As described above, the expression of MglB was decreased in the dnrtK756 mutant, and the lower MglB expression resulted from a reduction in MglB synthesis since the stability of the protein w-as unaffected. Furthermore, the reduction in MglB synthesis contrasted with the normal expression of MglA. The high-affinity galactose permease of E . cali is encoded by a three-gene operon containing a large intercistronic region with a REP sequence located between the first gene (mglB) and the two distal genes (mgiA and mngI%) (Hogg ct al., 1991) . Previous studies of the mglBAC operon have revealed the presence of two mRNA populations (Hogg eta/,, 1931) : one mRNA (mglB mRNA) of approximately 1400 nucleotides corresponds to the 5' region of the operon extending to the intergenic space between mgiB and mglA, and a larger mRNA (mg1BAC mRNA), about 4300 nudeotides long, represents the entire operon and is present at less than 1/10 of the level of the smaller m R N h population. The following results show that the stability of the mglB mRNA is decreased in the dmK756 mutant. Cells of the dnaK756 mutant and of the parental strain in exponential phase at 30 "C were treated with rifampicin to inhibit the initiation of RNA synthesis. After appropriate time intervals, samples were taken and the RNA was examined by Northern blotting with a probe complementary to residues 35%-419 of mglB (Fig. 6 ). In the parental strain, the 1400 nucleotide mglB m R N h displayed a half-life of 6 min, similar to that of other mRNAs stabilized by REP sequences such as the m d E (Hogg ef a/ ., 1991) or the hisP mRNAs (Stern e t d., 1988) , whereas in the dnaK756 mutant, the half-life of the nzglB mRNA was reduced to less than 1 min. The decrease in stability of the mglB mRNA correlated with the decrease in galactose transport activity ( Fig. la) , in the level of MglB (Fig. l b ) and in MglB synthesis (Fig. 2a) (Fig. 1 b) resulted from a decreased synthesis of the protein (Fig. 2a) and correlated with a decreased stability of the mgLB mRNA (Fig. 6) (Hall et al., 1983; Puziss et a/., 1989 , and in some cases this reduction occurs independently of an export defect (Puziss c t al., 1992).
There might be some coupling between a DnaK-dependent folding of MglB and translation rates of the mgLB mRNA, leading to a decreased stability of the message in a dnaK mutant. A cooperation between the translation machinery and yeast hsp70s of the Ssb class has been reported (Nelson et al., 1992) , and DnaK appears to regulate synthesis of the heat shock Sigma factor 1732 at the translational level by interacting with a distinct region of the nascent protein (Nagai e t a/., 1994 
